The effect of in vitro and in vivo serial virus passage on the genetic stability of equine herpesvirus 1 (EHV-1) was investigated by restriction endonuclease analysis of the viral DNA. DNAs of EHV-1 isolates at different passage levels in cultured cells or in Syrian hamsters were compared by electrophoresis of the DNA cleavage fragments produced by restriction endonuclease digestion. No changes were observed in the restriction profile of the DNAs of EHV-1 strains after 100 sequential passages in cultured equine cells. However, serial passage of the virus in hamsters or in cells of non-equine origin quickly gave rise to alterations in the viral DNA. These changes occurring in the restriction endonuclease profiles of EHV-1 DNA during serial virus passage in non-equine cells or animal hosts could be explained by sequence additions or deletions to preexisting restriction fragments resulting in variation in their electrophoretic mobilities.
The effect of in vitro and in vivo serial virus passage on the genetic stability of equine herpesvirus 1 (EHV-1) was investigated by restriction endonuclease analysis of the viral DNA. DNAs of EHV-1 isolates at different passage levels in cultured cells or in Syrian hamsters were compared by electrophoresis of the DNA cleavage fragments produced by restriction endonuclease digestion. No changes were observed in the restriction profile of the DNAs of EHV-1 strains after 100 sequential passages in cultured equine cells. However, serial passage of the virus in hamsters or in cells of non-equine origin quickly gave rise to alterations in the viral DNA. These changes occurring in the restriction endonuclease profiles of EHV-1 DNA during serial virus passage in non-equine cells or animal hosts could be explained by sequence additions or deletions to preexisting restriction fragments resulting in variation in their electrophoretic mobilities.
Several laboratories have reported observations of alterations in the restriction endonuclease cleavage patterns of herpesvirus DNAs after laboratory passage of the viruses in cell culture (6, 7, 10, 14) . These passage-induced variations in herpesvirus DNA fingerprints have taken the form of an altered electrophoretic mobility of certain restriction fragments. Genomic changes resulting from loss or gain of restriction cleavage sites during serial herpesvirus passage have not been demonstrated (10) .
In this communication, we report on the stability of the restriction endonuclease patterns of the equine herpesvirus 1 (EHV-1) genome during serial passage of the virus in cultured cells or in Syrian hamsters.
A diploid strain of equine dermal fibroblasts (KyED) and continuous lines of rabbit (RK-13), monkey (Vero), and hamster (BHK-21) cells were propagated in Eagle minimal essential medium with 5% fetal bovine serum.
The origin and passage histories of the Army-183 and Kentucky-A, -B, and -D laboratory strains of EHV-1 have been described previously (3). The viruses were passaged at low multiplicities (<0.01 PFU per cell) in the cells indicated. Passage of EHV-1 strains in Syrian hamsters was performed by the procedure reported by Doll and co-workers (2) .
Enveloped virions of EHV-1 were concentrated from the cell-free culture medium of virus-infected cells or from the plasma of infected viremic hamsters by pelleting at 20,000 rpm for 1 h. DNA was isolated from the virus pellets by sodium dodecyl sulfate-pronase digestion and phenol extraction as described previously (12) .
These conditions for digestion of EHV-1 DNA with restriction endonucleases (BamHI, EcoRI, BgIII, Sail, and SstI) and electrophoresis of the resulting cleavage products in horizontal slab gels of 0.6% agarose have been reported elsewhere (1). After electrophoresis, the gels were stained with ethidium bromide and photographed by UV transillumination.
To determine the effect of long-term serial passage in tissue culture on the stability of the EHV-1 genome, we subcultured three virus strains (Army-183, Ky-B, and Ky-D) at a low multiplicity in equine (KyED) cells for up to 100 consecutive passages. Laboratory passage in cell culture was begun with stocks of virus strains that had been passaged only in horses (3). DNAs isolated from viruses at different in vitro passage levels were compared with each other and with that of the original horse-passaged parental virus by restriction endonuclease fingerprinting (la).
The results of such analyses after digestion with one (BamHI) of the five restriction enzymes used are shown in Fig. 1 . Identical data were obtained with the use of EcoRI, BglII, Sall, and SstI endonucleases. The DNA restriction patterns of the three EHV-1 strains did not alter during more than 100 passages of in vitro subcultivation in equine cells. The published BamHI restriction map (prototype arrangement only) of EHV-1 strain HSV-25 (modified from that of Whalley et al. [13] ) is shown at the bottom of the gel patterns. BamHI fragments exhibiting electrophoretic mobility variation among epidemiologically unrelated EHV-1 isolates and after serial virus passage in hamsters or in non-equine cell lines are indicated by boldtype underscoring.
In contrast to the invariant DNA fingerprint of EHV-1 during passage in cell cultures derived from horses, serial propagation of the virus in cell lines derived from three non-equine animal species (rabbit, hamster, and monkey) resulted in alterations of the restriction cleavage patterns of the virus DNA (Fig. 2) .
Restriction enzyme fingerprint analyses were also performed on the DNAs of three EHV-1 strains after adaptation to and serial passage in Syrian hamsters (2) . Figure 3 shows (Fig. 1) . However, fragment mobility heterogeneity was also observed to occur in restriction fragments derived from the unique regions of the viral genome (e.g., BamHI fragments d, h, and i) (Fig. 1) .
This type of mobility variation in restriction enzyme profiles has also been observed for other herpesviruses (4, (8) (9) (10) (11) and is apparently identical to the genome heterogeneity described by Henry et al. (5) M that resulted in "fuzzy" or "stepladder" latter type of fingerprint variation among differappearances of some restriction fragments in ent passage levels of EHV-1 also displayed a agarose gels.
wide range of mobilities in epidemiologically Restriction enzyme fragments exhibiting this unrelated abortion isolates and, to a lesser ex- on October 27, 2017 by guest http://iai.asm.org/ tent, in EHV-1 isolates from the same abortion outbreak (1). Furthermore, variation in the electrophoretic mobility of these selected restriction fragments occurred among clonally related virus isolates prepared by plaque purification from a common seed stock and among temporally spaced isolates from the same EHV-1-infected horse, and could also be induced by passage of virus in equine cells in the presence of virusneutralizing antiserum (data not shown).
The mechanisms giving rise to such shifts in the mobility of certain herpesvirus DNA restriction fragments have not been adequately explained. The different molecular sizes of the variable restriction fragments are related by discrete increments of DNA and are suggestive of variation in the number of copies of repetitive sequences contained in those fragments. It seems likely that such stepwise additions or deletions of discrete blocks of DNA sequences take place at an infrequent rate during the replication of the herpesvirus genome. Because of the rarity of such events, progeny virions containing these structurally altered genomes make no significant contributions to the overall DNA fingerprint of virus passaged in equine cells. However, during laboratory manipulations of the virus that are functionally equivalent to single-particle cloning, i.e., plaque purification, passage in the presence of antiserum, or adaptation by serial passage to semipermissive, nonequine cell lines or animal hosts, the rare structural variants of the virus with restriction fragment motility alterations are selected. It follows that the increased genomic variability of EHV-1 in non-equine cells must correlate with the decreased efficiency of virus replication in these cells rather than with any species-related inaccuracy of viral DNA replication.
These results suggest that the EHV-1 genome is stable to in vitro passage in cultured equine cells and also indicate that restriction endonuclease analysis of EHV-1 DNA can be confidently used as an epidemiological tool for identification and differentiation of genetic strains of 
